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[57] ABSTRACT 

A connector apparatus having a connector socket and a 
connector plug arranged such that respective contacts 
of the connector socket and connector plug are kept in 
contact with each other by magnetic force, whereby 
when unintentional tension is applied to a cord, the cord 
can be prevented from being broken and the connector 
socket and the connector plug can be easily coupled to 
and/or removed from each other. 

5 Claims, 6 Drawing Sheets 
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outside from the other of said convex and concave 
CONNECTOR APPARATUS portions. A pair of metal plates are located at both sides 

of the other of said convex and concave portions on said 
BACKGROUND OF THE INVENTION second contact face and magnetic means contact said 

1. Field of the Invention 5 P** 0 ' meta J P 1 ?**- • f . . t 

The present invention relates generally to connector These and other objects, features and advantages of 

apparatus and more particularly to a connector appara- the present invention will become apparent from the 

tus for coupling audio equipment to each other. following detailed description of the preferred embodi- 

2. Description of the Prior Art menu to be taken in conjunction with the accompany- 
Various connector apparatus have been proposed to 10 ing drawings, throughout which like references identify 

interconnect audio equipment. As is disclosed in greater like elements and parts. 

detail, for example^ Japanese Published Utility Model DESCRIPTION OF THE DRAWINGS 

Application No. 60-29833, usually the connector appa- 
ratus is formed as a connector system in which a con- FIGS. 1A-1E are together a diagram showing an 
nector plug is inserted into a connector socket (jack). 15 arrangement of a connector socket which forms an 
According to the above conventional connector sys- embodiment of a connector apparatus according to the 
tern, when the connector plug is inserted into the con- present invention, wherein FIG. 1A is a plan view, 
nector socket, the connector plug is held by the spring FIG. IB is a bottom view, FIG. 1C is a right side view, 
members of the contact of the connector socket. FIG. ID is a cross-sectional view, with portions in 

In such a conventional connector apparatus, when 20 elevation, taken generally along a line a-a' of FIG. 1A 
unintentional tension is applied in the axial direction of and FIG. IE is a cross-sectional view, with portions in 

the cord, the connector plug is pulled out of the connec- elevation, taken generally along a line b-b' of FIG. 1A; 

tor socket. If, however, the tension is applied in the FIGS. 2A-2E are together a diagram showing an 

direction perpendicular to the axial direction of the arrangement of a connector plug which also forms the 

cord and the connector plug, the connector plug cannot 25 embodiment of the connector apparatus according to 

be pulled out of the connector socket In this case the ^ present invention, wherein FIG. 2A is a plan view, 

cord may be broken or the user's head may be injured pj G 2 b is a front view, FIG. 2C is a bottom view, FIG. 

by a headphone attached to the cord. 2D is a cross-sectional view, with portions in elevation, 

OBJECTS AND SUMMARY OF THE 30 taken generally along a line c-c' of FIG. 2A and FIG. 

INVENTION 2E k a cross-sectional view, with portions in elevation, 

« , . A . ... . taken generally along a line d-d' of FIG. 2A; 

Accordingly, it is an object of this invention to pro- mQS 3and4are vertical sectional vi ews , ^ por . 

vide an improved .enactor apparatus tions in elevation, of the assembled connector assembly; 

JLZiTT m°wrach Tcon^Lor Tu c^ 35 FIG ' 5 h ™ NwtwtioE used to show the environment 

SJb?^^ of Aepre^t invention; and 

an uLtentional tension is applied to the cord, FIG , S - *A to «E are r «? n ^ 

It is a further object of this invention to provide a exam P les of modifications to the present invention, 

connector apparatus in which a headphone cord can be DESCRIPTION OF THE PREFERRED 

prevented from being broken and which prevents injury 40 EMBODIMENTS 

to the user from the headphone. .„ , , „ , .. . 

According to one aspect of the present invention, J** P^nt invention will now be described with 

there is provided a connector apparatus comprising: reference to the attached drawings. 

a) plug means having a plurality of first signal termi- Referring to the FIGS. 1A to IE, a can-shaped hous- 
najg? 45 ing lis formed of an end or closure portion la and a side 

b) socket means having a plurality of second signal cylindrical portion 1* This housing 1 or each of the 
tenninals which correspond to said first signal ter- portions hi and lb are made of, for example, ABS 
m^aift. and (acrylonitrile-butadiene-styrene copolymer) resin. A 

c) magnetic means for coupling said plug means to rectangular-shaped concave portion 2 is formed on the 
said socket means so that said plurality of first 50 end portion la of this housing 1 at its center. The con- 
signal tenninals and said plurality of corresponding cave portion 2 has four side walls 2a, 2b, 2c and 2d, each 
second signal terminals contact with one another. of which is formed to have a predetermined inclination. 

In the preferred embodiment of the invention the plug In this case, as shown in FIG. IE, the side wall 2d of the 

includes a first housing having a first contact face and short side has an inclination smaller than that of the 

convex and concave portions formed on said first 55 other opposing side wall 2b. Three circular openings la, 

contact face. A plurality of cords are accommodated in 3*, and 3c are formed through the bottom 2e of the 

said first housing and a plurality of first terminals, each concave portion 2 along its longitudinal direction as 

connected at one end to a separate one of said plurality shown in FIG. 1A. A first pair of rectangular-shaped 

of cords, are accommodated in said first housing and openings 4a, 4* are aligned through the end portion la 

exposed to the outside at their other ends from one of 60 with the long side wall 2a of the concave portion 2 and 

said convex and concave portions A pair of metal plates are separated therefrom by a predetermined distance as 

are located at both sides of one of said convex and shown in FIG. 1A. Similarly, a second pair of rectangu- 

concave portions. lar-shaped openings 4c 4a* are aligned through the end 

The socket includes a second housing having a sec- portion la with the long side wall 2c of the concave 

ond contact face and the other of said convex and con- 65 portion 2 and are separated therefrom by a predeter- 

cave portions formed on said second contact face. A mined distance as shown in FIG. 1A. . 

plurality of second terminals are accommodated in said A pair of projecting lugs So, Sb, each having a circu- 

second housing and each is exposed at one end to the lar opening are integrally formed with the side cylindri- 
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cal portion 16 of the housing 1 as shown in FIG. 1C. 
The lugs 5a, 56 are used to secure the housing 1 to the 
panel or housing of acoustic appliances. As best viewed 
in FIG. IE, projecting from the inner surface of the end 
portion la are a pair of rod-shaped protrusions 6ft 6b. 5 
They extend downward, as shown in FIG. IE. 

A disk-shaped lid 7 made of, for example, ABS resin, 
is engaged into the stepped portion formed at the open 
end of the housing 1 as shown in FIGS. IB, ID and IE. 
Circular openings 8a, 9b are formed through the lid 7 in 10 
alignment with the pair of protrusions 6ft 6b formed in 
the housing 1, as shown in FIG. IE. When the lid 7 is 
engaged into the stepped portion formed at the opening 
end of the housing 1, the protrusions 6ft 6b enter 
through the openings 8a, 9b and the heads of the protru- 1 5 
sions 6a, 6b protruding beyond the lid 7 are flattened to 
be larger than the diameters of the openings 8ft 86. 
Thus, the lid 7 is effectively riveted to the housing 1. 

Circular openings 9ft 96 and 9c are formed through 
the lid 7 in alignment with the openings 3a to 3c formed 20 
through the concave portion 2 of the housing 1. As 
shown in FIG. IE, seated in these openings 9a to 9c are 
pins 10a to 10c made of, for example, brass plated with 
nickel and gold so as to prevent corrosion. The diame- 
ters of the central portions of these pins 10a to 10c are 25 
selected to be larger than those of the openings 3a to 3c 
formed through the housing 1 and those of the openings 
9a to 9c formed through the lid 7. Also, these pins 10a 
to 10c form at their sides near the openings 3a to 3c 
shoulders which are larger in diameter than the diame- 30 
ters of center portions of these pins 10a to 10c, and the 
other portions thereof are selected to be smaller than 
those of the openings 3a to 3c and 9a to 9c One end of 
each of the pins 10a to 10c are engaged through the 
openings 3a to 3c of the housing 1, while the other ends 35 
thereof are engaged through the openings 9a to 9c of the 
lid 7. Springs 11a to 11c are each provided between the 
shoulders of these pins 10a to 10c and the lid 7 f whereby 
the pins 10a to 10c are resiliently movable from the 
illustrated states in FIG. IE from the lid 7 side. At the 40 
same time, these pins 10a to 10c are spring-biased 
towards the end portion la side of the housing 1 to be 
returned to the illustrated states in FIG. IE. By way of 
example, one end of each of the pins 10ft 10b and 10c 
protrudes from the end portion 16 from the openings 3ft 45 
36 and 3c formed through the housing 1 These pin ends 
serve, respectively, as the right audio signal contact, 
earth contact and left audio signal contact for a passen- 
ger entertainment system, for example, which is to be 
understood as being connected to these pins 10a to 10c, 50 
although not shown. 

As illustrated in FIG. ID, magnets 12a, 12b are re- 
spectively located between the openings 4a, 46 and 4c, 
id in the housing cavity formed between the end por- 
tion la of the housing 1 and the lid 7. Magnet plates 13ft 55 
13ft made of iron which are plated by nickel, are 
mounted , to both side walls of the magnet 12a. The 
upper end portions of these magnet plates 13ft 136 are 
engaged through the openings 4a 46 and protrude from 
the upper surface of the housing 1 Similarly, magnet 60 
plates 13c 13a 1 , made of iron which are plated by nickel, 
are mounted to both side walls of the magnet 126. The 
upper end portions of these magnet plates 13c, 13a* are 
engaged through the openings 4c 4a* and protrude from 
the upper surface of the housing 1. 65 

FIG. 2 illustrates a connector plug 200 which, to- 
gether with the socket of. FIGS. 1A to IE, forms the 
connector apparatus of the present invention. 



Referring to the FIGS. 2A to 2E, there is provided a 
housing 21 formed of a terminal compartment portion 
21a, in the shape of a circular truncated cone, and a 
cylindrical! y-shaped cord compartment portion 21b. 
The housing 21 or each of the portions 21c and 216 is 
made of, for example, ABS resin. A disk-shaped lid 22 is 
made of, for example, ABS resin and a plurality of ex- 
tensions 23 are formed around the outer peripheral 
portion of the lid 22 as shown in in. 2E. These exten- 
sions 23 are engaged with a plurality of grooves 24 
formed around the opening portion side of the terminal 
compartment portion 21ft thus the lid 22 being fixed to 
the housing 21. On the center of the lid 22, there is 
formed a convex portion 25 which is engaged with the 
concave portion 2 formed at the center of the end por- 
tion la of the above-mentioned housing 1. The convex 
portion 25 is formed of four side walls 25ft 256, 25c and 
25d, each having a predetermined inclination. As shown 
in FIGS. 2B and 2C, the angle of inclination of one 
short side wall 25a* is selected to be smaller than that of 
the other or opposing side wall 256. Thus the mating 
portions of the plug and the socket are each in the shape 
of a truncated pyramid but with one side of the pyramid 
having a different angle of inclination than all of the 
other sides. 

Three circular openings 26a, 266 and 26c are formed 
through a bottom 25e of the convex portion 25 along 
the longitudinal direction thereof A base plate 27 is 
mounted within the terminal compartment portion 21ft 
and circular openings 28ft 286 and 28c are formed 
through this base plate 27 in alignment with the open- 
ings 26a to 26c formed through the above-mentioned lid 
22. 

A set of terminals 29ft 296 and 29c are each made of, 
for example, brass which is plated with nickel and gold 
so as to prevent corrosion. These terminals 29a to 29c 
each have central portions which are larger in diameter- 
than the inner diameters of the openings 26a to 26c and 
28a and end portions near the lid 22 and the base plate 
27 which are smaller in diameter than the inner diame- 
ters of the openings 26a to 26c and 28a to 28c. One end 
of each of these terminals 29a to 29c is engaged, respec- 
tively, through the openings 26a to 26c of the lid 22 and 
the end surface* thereof is on substantially the same 
plane as the surface of the lid 22. The other end of each 
of the terminals 29a to 29c protrudes through the open- 
ings 28a to 28c of the base plate 27 to its outside. In this 
case, the terminals 29ft 296 and 29c are used as a right 
audio signal contact, an earth contact and a left audio 
signal contact, respectively. 

Alongside and radially outward from the long side 
portions 25ft 25c of the convex portion 25 of the lid 22, 
there are formed circular openings 30a and 306, respec- 
tively, as shown in FIGS. 2C and 2D. These openings 
30a and 306 are arranged to have stepped portions of 
which the lower surfaces, as viewed in the figures, are 
made larger in diameter. Into these openings 30a and 
306, there are inserted stepped-shaped plates 31a, 316 
formed to correspond in shape to these openings 30a 
and 306. These plates 31ft 316 are each made of, for 
example, iron which is plated with nickel The portions 
of these plates 31a, 316 which protrude to the upper 
surface side of the lid 22, as viewed in the figures, are 
flattened to be larger than the inner diameters of the 
openings 30ft 306, thereby fixing the plates 31a and 316 
to the lid 22. 

The connector plug 200 further includes a bushing 32 
made of, for example, vinyl chloride, a cord 33 and a 
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cord support member 34. Separate lead wires 33a, 336, 
and 33c led from the cord 33 are soldered, respectively, 
to the terminals 29a to 29c that protrude from the base, 
plate 27. To the other end of the cord 33, there is con- 
nected, for example, a headphone (not shown). 5 

In this embodiment, the connector socket 100 and the 
connector plug 200 are formed as described above. In 
operation, when the connector plug 200 is coupled to 
the connector socket 100, as shown in FIGS. 3 and 4, 
the concave portion 2 formed at the center of the end 10 
portion la of the housing 1 of the connector socket 100 
is engaged with the convex portion 25 formed at the 
center of the lid 22 of the connector plug 200. 

In this case, as shown in FIG. 3, the plates 31a 316 
fixed to the lid 22 of the connector plug 200 respectively 1 5 
contact with the upper end portions of the magnet 
plates 13c 136, 13c and 13a* protruding from the end 
portion la of the housing 1 of the connector socket 100 
so that the connector plug 200 is held in the engaged 
state with the connector socket 100 by magnetic force. 20 

Further, in this case, as shown in FIG. 4, the pins 10a 
to 10c extend to the concave portion 2 of the housing 1 
of the connector socket 100 and contact with he termi- 
nals 29a to 29c, respectively, appearing on the surface of 
the lid 22 of the connector plug 200 so that conductive 25 
connections between them are established. Upon con- 
nection of the parts 100 and 200 as above described, the 
pins 10a to 10c are forced back into the housing 1 and 
are urged against the terminals 29a to 29c by the forces 
of the springs 11a to 11c and contact therewith posi- 30 
tively. 

In accordance with this embodiment, as described 
hereinabove, when the connector plug 200 is coupled to 
the connector socket 100, they are kept in contact with 
each other by magnetic force so that the connector plug 35 
200 can easily be removed from the connector socket 
100 if unintentional tension is applied to the cord 33. In 
addition, according to this embodiment, since the side 
walls 2a to 2a* of the concave portion 2 of the connector 
socket 100 and the side walls 25a to 25a* of the convex 40 
portion 25 of the connector plug 200 are formed to have 
the predetermined inclinations, the connector plug 200 
can easily be removed from the connector socket 100 by 
the tension applied to the axial direction of the cord 33. 
Further, since the connector plug 200 has the cord 45 
compartment portion 21b extending in the axial direc- 
tion of the cord 33, by lever action the connector plug 
200 is taken off from the connector socket 100 when 
only a slight is tension applied in the direction perpen- 
dicular to the axial direction of the cord 33. In other 50 
words, the connector plug 200 can easily be removed 
from the connector socket 100 regardless of the direc- 
tion in which the tension is applied. Therefore, accord- 
ing to the present invention, the cord 33 can be pre- 
vented from being broken and also the user wearing a 55 
headphone connected to the cord 'is protected from 
being injured on the head. 

Further, according to this embodiment, since one side 
wall 2o* of the short side of the concave portion 2 of the 
connector socket 100 has an inclination smaller than 60 
that of the other side wall 2b and one side wall 25a* of 
the short side of the convex portion 25 of the connector 
plug 200 has an inclination smaller than that of the other 
side wall 25b in correspondence therewith, the direction 
in which the connector plug 200 is coupled to the con- 65 
nector socket 100 is uniformly determined. Thus, the 
left and right audio signals are prevented from being 
supplied to the headphone in the reverse order. 
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Furthermore, according to the present invention, 
since the connector, plug 200 is coupled to the connec- 
tor socket 100 without friction, unlike a conventional 
socket system, there is then the advantage that the con- 
nector plug 200 can be coupled to and/or removed 
from the connector socket 100 with ease. 

This embodiment can achieve the above-mentioned 
action and effect, and the connector apparatus of the 
present invention is suitable for use in a passenger enter- 
tainment system as, for example, shown in FIG. 5, 
where connector sockets 100 are provided at each of 
the passenger seats of a passenger vehicle such as air- 
craft, train, bus or the like and are easily connected with 
connector plugs 200 connected to headphones 50. In 
FIG. 5, reference 51 designates a display apparatus and 
52 a control panel. 

In the above-mentioned embodiment, the positions of 
the pins 10a to 10c and the magnet plates 13a to 13d of 
the connector socket 100 and the positions of the termi- 
nals 29a to 29a* and the plates 31a to 316 of the connec- 
tor plug 200 may be reversed, respectively. Further, the 
number of the pins and terminals are not limited to sets 
of three but can be selected to be any desired number. 

In the above embodiment, as shown in FIGS. 6A and 
6B, the plates 31a and 316 provided at the connector 
plug 200, can be replaced by a pair of magnets 41 
gripped by magnet plates 42a, 426, and having opposite 
magnetic polarity to the magnets 12a and 126. Further, 
as shown in FIG. 6C, a magnet 43 such as alnico (alumi- 
num nickel-cobalt alloy) having a large strength or the 
like may directly be used in the connector socket 100 
side. In this case, as shown in FIG. 6D, a similar magnet 
44 may be provided at the side of the connector plug 
200. According to the examples shown in FIGS. 6C and 
€D, the magnetic flux extends to a greater distance from 
the plug 100 and the socket 200 so that the attractive 
force acts from a greater distance. Magnets such as 
ferrite, samarium, cobalt and so on may be utilized simi- 
larly although the magnetic coupling force is slightly 
weakened. 

When the connector apparatus employs the magnet 
constructed as shown in FIG. 6D, a reverse connection 
is also prevented by choosing the polarities of the mag- 
nets 43a, 436 and 44a, 446 of the connector socket 100 
and the connector plug 200 as shown in FIG. 6£ to be 
opposite. An attempt to incorrectly mate the plug 100 
with the socket 200 will be repelled by the force of the 
magnets. 

Further, unlike the above-mentioned embodiment, 
the connector apparatus can be formed to use the mag- 
net portion as the electrode portion and vice versa. 

Furthermore, while the present invention is applied 
as the connector of the headphone as described above, 
the present invention is not limited to the above applica- 
tion but can be used as the connector for outdoor audio 
equipment, e.g. portable tape players. 

According to the present invention, as set forth 
above, since the contacts of the connector socket and 
the connector plug are kept in contact with each other 
by magnetic force, the connector plug is easily removed 
from the connector socket by the application of unin- 
tentional tension to the cord regardless of the direction 
in which the tension is applied. Thus, the cord can be 
prevented from being broken and the user can be pro- 
tected from being injured on the head. 

In addition, the connector plug can be coupled to 
and/or removed from the connector socket without 
friction unlike the conventional socket system. There is 
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then an advantage that the connector plug can be cou- 
pled to and/or removed from the connector socket with 
ease. 

The above description is given for the preferred em- 
bodiments of the invention but it will be apparent that 5 
many modifications and variations could be effected by 
one skilled in the art without departing from the spirit 
or scope of the novel concepts of the invention, so that 
the scope of the invention should be determined by the 
appended claims only. 10 

We claim as our invention: 

1. A connector apparatus for a stereo headphone 
comprising: 

a) a plug including a first housing having a first 
contact face and a convex mating portion formed 15 
on said first contact face, said convex mating por- 
tion being in the shape of a truncated pyramid but 
with one side of the pyramid having a different 
angle of inclination than the opposite side, a plural- 
ity of first terminals including left and right termi- 20 
nals for stereo and an earth terminal, said terminals 
being accommodated in said first housing and hav- 
ing one end exposed to the outside of said first 
housing from said convex mating portion, a plural- 
ity of electrical leads separately connected between 25 
different ones of the other ends of said first termi- 
nals and said stereo headphone, and a first magnetic 
coupling means located at both sides of said convex 
mating portion; and 

b) a socket including a second housing having a sec- 30 
ond contact face and a concave mating portion 
formed on said second contact face, said concave 
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mating portion being in the shape of a truncated 
pyramid but with one side of the pyramid and the 
other side of the pyramid having corresponding 
angles of inclination to those of said one side and 
the opposite side of the pyramid of said plug, a 
plurality of second terminals including left and 
right terminals for stereo and an earth terminal, 
said second terminals being accommodated in said 
second housing and exposed to the outside of said 
second housing at their ends from said concave 
mating portion, and a second magnetic coupling 
means located at both sides of said concave mating 
portion on said second contact face. 

2. A connector apparatus as claimed in claim 1, 
wherein said first magnetic coupling means comprises a 
pair of metal plates, and said second magnetic coupling 
means comprises a pair of magnets. 

3. A connector apparatus as claimed in claim 1, 
wherein said first housing has a cylindrical cord accom- 
modating section in which said plurality of electrical 
leads are accommodated. 

4. A connector apparatus as claimed in claim 1, fur- 
ther including springs accommodated in said second 
housing and wherein said plurality of second terminals 
are restrained for limited, sliding movement within said 
second housing and are biased by said springs to extend 
their one ends as far out of the second housing as possi- 
ble. 

5. A connector apparatus as claimed in claim 4, 
wherein said plurality of first and second terminals are 
each arranged in an in-line fashion. 
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